A high intensity short duration exercise training programme was undertaken by nine subjects on three occasions each week for nine weeks. Muscle samples from the latissimus dorsi were taken by needle biopsy, at rest, before and after training. The results revealed that there was no change in either Type I or Type II muscle fibre distribution following training. Type I fibre area did not alter significantly as a result of the training stress. Mean cross-sectional area of Type II fibres was 82 per cent greater post-training than pre-training.
Introduction
The specificity of training was difficult to explain with respect to muscle function until evidence had accumulated, mainly from animal studies, describing the contractile properties of muscle fibres alongside their metabolic properties. Several researchers suggested that Type II muscle fibres were recruited as the force generated increased'-3. Later, Thorstensson and coworkers suggested that there was a positive correlation between the proportion of Type I fibres and dynamic muscle strength.
It has been shown that lactate produced during anaerobic glycolysis diffuses from the muscle and accumulates in the blood where it can serve as an indicator of the extent to which anaerobic processes are activated during exercise'. At equivalent absolute levels of oxygen uptake, blood lactate concentrations are greater during arm work than during leg work6. This may be explained by the notion that, for a given work load, as the muscle mass decreases the anaerobic contribution to the work output must increase.
In slalom canoeing, it has been shown that at world championship level competitors demonstrate a considerable anaerobic contribution to the total energy supply as manifested in post-competition lactate levels 8 In the men's kayak event, the mean blood lactate concentration from five world class competitors sampled at five minutes following the completion of their final run was 16.2 mmol. 1-'.
However, it is common for many competitors to concentrate their training, knowingly or otherwise, on anaerobic development9. This often takes the form of repetitive skill oriented 'gate practice' since the penalty for contacting a slalom gate during a competitive run is severe at international level. Although the importance of good 'gate' technique remains paramount to the slalomist, the physiological implications of incorporating more high intensity exercise during training may be important.
Electromyography studies have shown that during canoeing exercise a major protagonist muscle during the pulling phase of the stroke is the latissimus dorsi . It has its origin on the crest of ilium, sacrum, lumbar vertebrae and the lower ribs and is inserted by a single flattened tendon into the anterior surface of the humerus. As the muscle twists in the region of the posterior axillary fold, it is easily palpated thus allowing a muscle sample to be taken safely using the needle biopsy technique without the risk of invading a deeper organ.
Methods
Nine fit adult male physical education students (age 21.5±2.5 yr, weight 71.0±5.3 kg, height 177.8±5.0 cm [mean ±sd]) who had a little experience of, but no specific training in kayak paddling, participated in the study.
Each subject attended the laboratory on three occasions each week for nine weeks to exercise with arms on an electronically controlled (LODE) canoeing ergometer. The 'paddling' action required to operate this equipment had been validated previously using cinematographical and electromyographical techniques.
The exercise regimen is shown in Table 1 . All subjects agreed to avoid additional forms of training and sporting exercise throughout the study. During the first week of training each subject established the maximal resistive force against which he could 'paddle' over a one minute period. Thus a pre-training performance value was recorded. At the midpoint of the study each subject was required to re-establish this value (Table 1) . On the day prior to the start of the training programme, a muscle sample was obtained by needle biopsy from the latissimus dorsi of each subjects. A second sample from the same muscle was obtained by needle biopsy approximately 24 hours following completion of the training programme. It was hoped that this delay would allow any local effects of the last training bout to dissipate.
Needle biopsy technique
The subject assumed a prone position with the dominant arm abducted and supported by a pillow. An area of skin approximately 3 cm below the axillary fold was anaesthetized with 5 ml of 1 per cent lignocaine hydrochloride. An incision approximately 2 cm long was made in the skin through which was introduced a UCH biopsy needle (model 3782) (Figure 1 ). Where the sample appeared to be small or inadequate, a second sample was taken through the same incision.
With the aid of a dissecting microscope, the sample was oriented with the fibres placed horizontally on a cover glass. The sample was transferred to a circular cork with the fibres in a plane at right angles to the surface of the cork, then mounted in embedding medium (OCT; Ames Tissue Tek). The cork and sample were immersed in isopentane cooled to the temperature of liquid nitrogen. Each sample was stored in liquid nitrogen overnight then transferred to a cryostat (-20'C) where sections (10 jim) were cut.
Staining
Sections were stained for myofibrillar ATPase activity at pH 9.5 and with NADH-TR. Figure  2 ). Photomicrographs of serial sections stained for NADH-TR were used to calculate the mean fibre area to the nearest 10 jim, according to the method of the lesser diameter1.
Results
The results of muscle fibre typing from the pre-and post-training biopsies are shown in Table 2 . There was a mean difference in the proportion of Type I fibres pre-and post-training of 1.7 per cent and a 5.1 per cent difference in the proportion of Type II fibres. When examined more closely, the largest change in fibre distribution observed pre-and post-training is seen in subjects 6 and 8 who both recorded 13 per cent. This variation is within the limits suggested by Dubowitz and Brooke who reported the limits of variation that can be attributed to random fibre type distribution may approach 26 per cent1. The results are in general agreement with earlier reports that fibre distribution is not affected by training and is genetically determined12'3.
In addition to fibre typing, cross-sectional area was also measured pre-and post-training. These results are shown in Table 3 The increased Type II fibre area seen in this study suggest an increased number and/or size of myofibrils after training. This response may reflect greater Type II muscle fibre recruitment during kayaking. Factors which have not been investigated here, such as enzyme characteristics of muscle fibre types, would provide interesting information for the canoeists.
It has been suggested that the rate of lactic acid removal is directly proportional to the amount present21.
More recently, Brooks and co-workers concluded that the fate of lactic acid following exercise appears to be oxidative'. Koutedakis and Sharp demonstrated that following high intensity short term work, an active recovery period promotes blood lactate removal more than resting recovery3. In canoeing, perhaps the characteristic repetitious paddling routines which many slalomists adopt in their training programmes not only improves slalom skill but also has a beneficial effect on aerobic development that would contribute to more rapid removal of lactate. It is suggested that perhaps if this type of interval training involves short maximal repetitions and short periods of recovery, it would produce increases in strength, speed and anaerobic capacity24.
This study investigated some of the changes that occurred as a result of a brief training programme of nine weeks which concentrated on aerobic development and then proceeded to stress the anaerobic metabolic pathways. In the last two weeks of the programme, when exercise loads were of the order of 90 per cent and 100 per cent of maximum, interrupted by long periods of inactive rests (four minutes), both the phosphagen and glycolytic energy pathways would be stressed maximally. It was found that the mental effort and motivation required by the subjects to sustain training at this intensity was considerable.
In particular, attention in this study was focused on the changes that occurred in fibre cross-sectional area as a result of the training regimen. It was interesting to observe that, despite initial training being aerobic in nature, there was no significant change in cross-sec-tional area of Type I fibres. However, the increase that occurred in the cross-sectional area of Type II fibres was substantial, of the order of 82 per cent. No distinction was made between Type Ila and Type Ilb fibres.
The results of previous studies which have concentrated on the effects of short term high intensity training have shown that, in addition to increased Type II fibre area, increases can also be observed in maximal muscle tension and an increase in enzymes hexokinase and citrate synthetase'226. However, Polgar and Johnson suggested that fibre size is relatively unimportant and that the physiological roles of muscles are a function of enzyme adaptation27.
Conclusion
If the sport of slalom canoeing demands a major contribution from anaerobic glycolysis, then it is essential that slalomists incorporate training regimens which stress that metabolic pathway. One such routine has been suggested in this study and its effects in terms of muscle fibre development have been reported. It would appear that since the action of high intensity paddling enhances Type II muscle fibre development, then slalom competitors who are endowed with a large proportion of these fibres may have an advantage in this sport.
